of the most important problems of coding theory is to construct codes with beat possible minimum distances. In this paper, we use the algebraic structure of quasi-cyclic codes and the BCH type bound on the minimum distance to search for quasi-cyclic codes over IFS, the finite field with five elements, which improve the minimum distances of best-known linear codes. We construct 15 new linear codes of this type.
One of the main problems of coding theory is to find optimal values of the parameters n, k, and d (for a given value of q) and to explicitly construct such codes. One version of the problem is to find the maximum value of d, given n and Ic. This value is denoted by d,(n, Ic). There are bounds on minimum distances of linear codes; see, for example, [l] . An up-to-date table of the best-known linear codes over IF, for q = 2,3,4,5,7,8, and 9, up to certain lengths and dimensions, is maintained by Brouwer and is available at the website listed in [2] . In many cases, best-known codes have minimum distances smaller than the values obtained from the (best-known) theoretical bounds.
The paper is organized as follows. We summarize some of the basic facts concerning structures of QC codes in the next section (more detailed description can be found in [3, 4] ), and describe the search method and the results in the final section.
QUASI-CYCLIC CODES
Let n = lm, where 1, m E N and In other words, a cyclic shift of any codeword by 1 positions is still a codeword.
It is well known that a code is l-&C if and only if it is (I,n)-QC [5] , where (1,n) denotes the greatest common divisor of 1 and n. We will therefore assume that 1 1 n, so that n = ml for some integer m. The special case (1,n) = 1 gives the class of cyclic codes. The class of quasi-cyclic codes which contains the cyclic codes as a subclass forms an important class of linear codes because many best-known codes are of this type and they are known to contain asymptotically good sequences of codes; they meet a version of Gilbert-Varshamov bound [6] . Recently, the algebraic structure of r-generator QC codes has been investigated by use of GrGbner bases in [3] .
The following theorem, which plays an important role in our research, appears in [12] . 
THE RESULTS

The Search Method
We have restricted our research to l-generator QC codes with generators of the following form:
(O), f2(2)9(2),
. . .7 fi(ZMS)).
In most cases, we take 1 = 2. In order to refine the search, we consider polynomials g(z) which give highest possible theoretical minimum distances in Theorem 2.1. Having chosen m and g(x) (hence, determining the length and the dimension), we search over fi(x) by the help of a computer program written in C++. Since we fix the length and the dimension, we have a target minimum distance and the program checks if given fi(x)s yield a code with a minimum distance higher than the target. If not, the search continues with other instances of fi(x)s. In the case when 1 = 2, we are searching for only one f(x) with deg(f(x)) < m -deg (g(x) ). In this case, the search is exhaustive if the dimension is not too large. We illustrate the search method in the following example.
Let m = 24 and let g(x) = xl6 + 2x14 + 4x13 + 4x12 + 3x'l + 22'0 + 3x9 + 32s + 3x7 + Z-5 + 2x4 + 22 + 2 be the manic polynomial of least degree dividing x24 -1 and having ai, 7 5 i < 18, among its zeros, where cy is a primitive 24th root of unity. Then the cyclic code of length 24 generated by g(x) has dimension 8 and minimum distance at least 13, and a QC code C of the form (g(x), g(x)f(x)) with (f(x), (x24 -1)/g(x)) = 1, degf(x) < 8 h as d imension 8 and minimum distance > 26 by Theorem 2.1. Let f(x) = 2x2 + x3 + 2x5 + 3x6, then f(x) satisfies both conditions. It turns out that the actual minimum distance of C is 30 and we get a better code than the best-known linear [48,8, 2915-code over Fs. The weight enumerator of this code is where the base numbers represent the weights and the exponents represent the number of codewords with the weight given in the base.
The Generator Matrices
Since a generator matrix of a l-generator QC code is determined by the first row alone, we are going to give only the first rows of generator matrices, where the blocks will be separated by a comma. A polynomial is represented as a string of length m over the appropriate alphabet (lF5) and a vector of polynomials is represented as a concatenated string with commas separating strings corresponding to different polynomials. For example, if m = 7, fi(x) = x3 + 4x + 2 and fs(x) = x6 +2x + 1, both in Fs[x], then (fi(x),f2(x)) is represented by (0001042,1000021). We also have the weight enumerators computed, but will not present them here for the sake of space. Finally, we remark that there are further improvements on minimum distances by such elementary constructions as puncturing and shortening.
